PCX ^^BVORLD INTCLLECTUAL PROPERTY ORGANiJHR 

International Bureau '""^^^ 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PA TENT COOPERATION -mEATV (POT, 




(51) International Patent Classification ^ : 
E02B 15/10 



Al 



(11) International Publication Number: 
(43) International Publication Date: 



I (21) International Application Number: PCi7SE98/0l955 
(22) International Filing Date: 28 October 1998 (28.10.98) 



(30) Priority Data: 

9703955-6 
9803322-8 



29 October 1 997 (29. 1 0.97) SE 

30 September 1 998 (30.09.98) SE 



WO 99/22078 

6 May 1999 (06.05.99) 



(71) Applicant (for all designated States except US): ECTACOR AB 

[SE/SE]; Arstaangsvagen lA, S-117 43 Stockholm (SE). 

(72) Inventor; and 

(75) Inventor/Applicant (/br US only): LUNDBACK, Stig fSE/SEl- 
Ostra TynningO, S-185 00 Vaxholm (SE). 

(74) Agente: NYBERG. Bengt et al.; Dr Ludwig Brann Patentbyrf 
AB. P.O. Box 17192, S-104 62 Stockholm (SE). 



(81) Des^nated States: AU, CA, CN, CZ. EE, HU. ID, IL, JP KP 
KR. LV. MX, NO. NZ. PL. RU, SG, TR, uX, US^w' 
Eurasian patent (AM, AZ. BY, KG, KZ. MD, RU, TJ. TM) 
European patent (AT, BE, CH, CY, DE, DK, ES, FI PR* 
GB,GR.IE.rr.LU.MC,NL,Fr.SE). ^' ™- 

Published 

With international search report. 



(54)Tlfle: METHOD AND APPARATUS FOR SEPARATING FLOATING POLLUTANTS 



24 26 




(57) Abstract 

(1) and to proceed downwanlly within the collecting vessel At TeitThe m»in Tl"^ "^"i'^'^J f<"™"»g to a. collecting vessel 

diverted laterally outwanlly into a separation zone (lirwhi^i ftTpSu^te ^aT'.Z '»°^"^"^iyflowing polluted water is then 
confined surface of the water. n,e separation zone (B) may ^ intf^^T^^ SZtt '° '^P^Jf,^ *e water and collect on a 
collection compartment (A) provided with an annular skimming wefrmK? vessel (II) and provided around a central 

separate vessel connected wid, the collection vessel through Tcond^t Alternatively, the slamming zone may be piwided in a 
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Method and apparatus for separating floating pollutants 

This invention relates to cleaning of the surface of a body 
of liquid. More particularly, the invention relates to a 
5 method and apparatus for recovering floating pollutants, such 
as oil spills, from the surface of open or confined waters. 

The invention is particularly useful for recovering oil 
floating on water and will therefore be described with par- 

10 ticular reference to its application for that purpose. How- 
ever, the invention is not limited to recovering oil or other 
liquid pollutants, and the term pollutant. as used herein 
should be understood to include, in addition to liquid 
substances of high or low viscosity, more or less solid 

15 debris or objects of relatively small dimensions. 

WO97/07292 discloses a method and apparatus for skimming a 
surface portion of a body of water to flow into an immersed 
collection vessel for the purpose of cleaning the water 

20 surface. A pollutant, especially oil, floating on the water 
surface surrounding the collection vessel is caused to flow 
into a water sink formed in the collection vessel and allowed 
to separate from the water by virtue of its buoyancy and 
build up a layer on the water surface of a separation zone. 

25 The layer so formed on the surface of the water sink is 

intermittently or continuously withdrawn from the separation 
zone and disposed of in any suitable manner. 

A surface portion of the surrounding water carrying the pol- 
3 0 lutant is caused to flow across the crest of a vertically 
self -positioning skimming weir which is preferably annular. 
To this end, water is withdrawn from the lower region of the 
collection vessel to maintain the water sink in the 
collection vessel so that the level of liquid in the col- 
35 lection vessel is below the level of the surrounding water 
surface . 
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In operation, the skinuning weir, which possesses some 
buoyancy, takes an overflow position relative to the sur- 
rounding water surface such thac the inflow into the collec- 
tion vessel is automatically regulated to match the outflow 
of water from it. 



The separation zone includes a generally rovind area of the 
water surface in the water sink and the water below that 
area. At the top portion thereof, the separation zone is 
horizontally spaced inwardly from the weir and preferably 
separated from the weir by an annular baffle serving to 
prevent the pollutants from entering the separation zone 
without first being deflected downwardly. 

A characteristic feature of the known method and apparatus is 
that the separation of the pollutants carried by the water 
into the collection vessel takes place in a step which is 
subsequent to the skimming. In other words, there is no pro- 
vision for ensuring that the liquid entering the collection 
vessel includes substantially only the pollutants. Instead, 
large amounts of water are allowed to enter the collection 
vessel and by ensuring that the subsequent separation step 
efficiently separates the pollutants from the mixture of 
water and pollutants a concentrated pollutant layer is ob- 
tained in the separation zone. 

If the pollutants have a density which is only slightly lower 
than that of the water, as is the case with most pollutants 
consisting of petroleum products, an efficient separation of 
the pollutants from the mixture of water and pollutants is 
possible only if the flow velocity of the mixture is very 
low. 

It has been found that the mixture of water and pollutants 
flowing across the skimming weir like a waterfall or cascade 
tends to flow more or less vertically downwardly as a rela- 
tively confined stream in the liquid contained in the col- 
lection vessel. Moreover, it has been found that the stream 
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loses its momentum only slowly, so that it can easily reach 
the bottom region of the collection vessel, where water is 
discharged. 

It is important, therefore, to provide for the flowing mix- 
ture to reduce its velocity drastically so that the separa- 
tion in the separation zone can take place efficiently. In 
the above-described known apparatus a reduction of the velo- 
city can be brought about by widening the separation zone and 
allowing the downwardly flowing mixture to deflect at least 
partially into the separation zone and distribute there 
across a large area. 

However, in the known method and apparatus, widening of the 
separation zone also means that the annular skimming weir has 
to be widened. This in turn means that the inflow across the 
skimming weir is increased and that the reduction of the 
velocity in the separation zone will therefore be limited. 

20 This limitation is avoided in the method and apparatus 
according to the invention the features of which are set 
forth in the independent claims and preferred embodiments of 
which include features set forth in the dependent claims. 



15 



25 



30 



As will become apparent as the description proceeds, in the 
method and apparatus according to the invention the separa- 
tion zone is horizontally offset from the region beneath the 
water sink in the collection vessel. This is in contrast to 
the prior art as described above, in which the separation 
zone is within the region beneath the water sink in the 
collection vessel. 



In one preferred embodiment of the invention the separation 
zone is annular and surrounds the region beneath the water 
35 sink. It can then be expanded horizontally virtually without 
limitation so that its horizontal cross -sectional area can 
readily be chosen as desired to produce the desired low flow 
velocity. Expansion can be accomplished without any expansion 
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of the skimming weir and the water sink being necessary. The 
downward flow of the mixture of water and pollutant can be 
deflected radially outwardly in all directions and spread 
across a horizontal cross-sectional area the size of which is 
a function of the square of the distance of the outer 
perimeter from the centre. 

In accordance with a second preferred embodiment, the sepa- 
ration zone is provided in a separation vessel which is 
horizontally spaced apart from the collection vessel and 
connected to it through a conduit through which the mixture 
of water and pollutant is conveyed from the collection vessel 
to the separation vessel in which the accumulation of the 
pollutants on a water surface takes place. Both the 
collection vessel and the separation vessel may be positioned 
in the body of water which carries the pollutant. 

Preferably, the stream of water carrying the pollutant is in- 
troduced into the separation vessel through a vertically ex- 
tending, upwardly opening outlet conduit and, likewise pre- 
ferably, the upwardly directed stream exiting from the outlet 
conduit is diverted downwardly through an annular zone which 
surrounds the outlet conduit and the lower end of which com- 
municates with the separation zone. 

In this second embodiment as well, the horizontal dimensions- 
of the separation zone can readily be chosen virtually as 
desired to present a cross -sectional area to the stream 
entering the separation zone which is large enough to reduce 
the flow velocity very sxibstantially . 

The invention will be described in greater detail below with 
reference to the accompanying diagrammatic drawings and exem- 
plary embodiments of the method and apparatus according to 
the invention illustrated therein. 

Pigs. 1 and 2 are respectively a vertical, sectional view and 
a plan view of a first embodiment; 
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Figs. 3 and 4 are views corresponding to Figs. 1 and 2 
showing a second embodiment; 

Figs. 5 and 6 are views corresponding to Figs. 1 and 2 
5 showing a third embodiment; 

Fig. 7 is a view corresponding to Fig. 5 but showing the 
apparatus in operation; 

10 Fig. 8 shows the apparatus of Fig. 7 in a different state of 
operation; 

Fig. 9 is a vertical sectional view of a fourth embodiment of 
the apparatus according to the invention, namely an 
15 embodiment for stationary installation on a firm base. 

Fig. 10 is a perspective view of a fifth embodiment of the 
apparatus according to the invention in which the separation 
vessel is spaced apart from the collection vessel • 



20 



25 



30 



Fig. 11 is a plan view of the apparatus of Fig 



10; 



Pig. 12 is a vertical sectional view along line XII-XII of 
Fig. 11; 

Figs. 13-15 are enlarged sectional views showing details of 
the apparatus of Pigs. 10-12. 

The embodiments of the apparatus according to the" invention 
whxch are shown in Figs. 1-8 and 10-15 are intended to float 
xn the body of water which carries the pollutant material to 
be recovered; this material is of a density lower than that 
of water and is here presumed to be chiefly oil but it may 
also be or include more or less solid debris of various 
35 kxnds. The basic structure and operation are essentially the 
same as those of the known recovering apparatus illustrated 
and described in WO97/07292 and therefore will not be 
explained in detail here. 
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Like the known apparatus discussed above, the recovering 
apparatus of Figs. 1 and 2 comprises a collection vessel 
generally designated by ii, of circular cross-section, w^ich 
xs xtnmersible in the body of water. It defines a central 
. collection compartment A and an- annular separation compart- 
ment B which surrounds the lower portion of the collection 
compartment. The collection and separation compartments A and 
B are xn ppen communication with one another in a zone C near 
the bottom wall 14 of the collecting vessel 11. 

A circular inlet opening of the collection compartment A is 
defxned by an annular overflow crest K of a skimming weir in 
the form of a circular cylindrical upper wall part 12. The 
collection compartment A is delimited laterally partly by the 
upper wall part 12 and partly by a lower wall part 13 which 
xs also circular cylindrical and concentric with the upper 
wall part. A likewise generally circular cylindrical outer 
wall 15, the diameter of which is substantially larger than 
the diameter of the wall parts 12 and 13, in the illustrated 
embodxment 2 to 2.5 times larger, delimits the separation 
compartment B outwardly. 

Between the lower wall part 13 and the outer wall is an annu- 
lar horizontal wall is is provided which is rigidly secured 
to these walls and forms a top wall of the separation com- 
partment B. The lower wall part 13 extends downwardly beyond 
the wall 16 but ends well above the bottom wall 14 of the 
collection vessel 11 so that there is a large open area 
between the collection and separation compartments A and B 
allowing a substantially unrestricted flow between these 
compartments . 

The upper wall part 12 is telescopically received in the 
lower wall part 13. it accordingly can move up and down rela- 
tive to the lower wall part within a movement range which is 
defxhed by inwardly directed annular flanges 13A and 16A on 
respectively the lower wall part 13 and the horizontal wall 
16. An outwardly directed annular flange 12A on the upper 
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wall part 12 extends to the inner side of the lower wall part 
13 and together with the flange 16A defines a hydraulic dash- 
pot compartment between the upper wall part 12 and the lower 
wall part 13. Between the flange 16A and the upper wall part 
12 a flow passage P is provided through which a„.restricted 
liquxd flow can pass between the dashpot compartment E and 
the surrounding body of water in which the collecting appa- 
ratus operates. 

The upper wall part 12 has some buoyancy in water, that is 
xts weight is matched with its volume such that it floats in 
water. When the wall part 12 is immersed in a body of water 
and is not subjected to any force other than the- gravity 
force and the hydrostatic buoyant force, its upper end 
defining the crest K of the skimming weir accordingly will be 
somewhat higher than the water surface. 

The upper wall part 12 and the lower wall part 13 together 
form an inner wall the height of which is variable such that 
the elevation of the skimming or overflow crest K with res- 
pect to the lower wall part 13 and the horizontal wall 16 can 
vary. 



25 



30 



35 



Slightly spaced above the bottom wall 14 of the collection 
vessel is a circular plate 17 the circumferential edge 17A of 
which is slightly spaced inwardly from the outer wall is to 
define with that wall an annular passage 18 through which 
water can flow from the collection compartment A to and 
through the bottom wall opening 14A into the surrounding body 
of water, and of course also in the opposite direction. 

For effecting the water transport between the collection 
compartment A and the surrounding body of water a battery- 
powered reversible pump, generally designated by 19, is pro- 
vxded which conprises an impeller 19A in the form of a pro- 
peller disposed in the bottom wall opening 14A. The pump 19 
includes a housing 19B accommodating the electric pump motor 
19C, an electronic control unit 19D and batteries 19E. The 
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pump is releasably mounted on the bottom wall 14 by means of 
struts 20 (only one is shown) which also support the plate 



Associated with the pump is a nozzle 21 which surrounds the 
bottom wall opening 14A and the outlet of which is directed 
obliquely downwardly from the bottom wall opening. When the 
pump 19 operates to pump water from the interior space of the 
collecting vessel into the surrounding body of water, this 
nozzle directs the outgoing stream of water obliquely 
downwardly to apply to the collecting vessel a propelling 
force having a horizontal component . 

Given a suitable dimensioning and shaping of the nozzle with 
regard to the pump power, this propelling force in combina- 
tion with the tendency of the pump propeller to rotate the 
entire apparatus may cause the recovering apparatus to move 
along a winding or circulatory path in the body of water, 
provided that the apparatus is not confined or cbnstrained in 
20 some way. Because the water stream from the nozzle 21 is 

directed downwardly, its interference with the water surface 
around the apparatus is minimized. 



15 



Radially outwardly of the lower wall part 13 the horizontal 
25 wall 16 is formed with three circuraf erentially uniformly 

spaced circular openings 16A. Directly above these openings 
three buoyancy units 22 having a rigid circular cylindrical 
wall 22A are provided. Inwardly of this wall an absorber body 
23 is provided in the lower portion, and a buoyancy body 24, 
0 made of styrene plastic, for example, is provided in the 
upper portion. 

Positioned above the three buoyancy units 22 is a three-armed 
top plate 25 the arms 25A of which engage the upper end of 
5 the walls 22A in airtight fashion. A tie rod 26 passes axial- 
ly centrally through each buoyancy unit 22 and keeps the wall 
22A of the buoyancy unit clamped between the horizontal wall 
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16 and the top plate 25 using a cruciform member 27 for 
support . 

In the top plate 25 above each buoyancy unit 22, there is 
also a one-way valve 2 8 enabling air within the buoyancy unit 
to be expelled upwardly but preventing air from entering the 
buoyancy unit in the opposite direction. 

An annular collar 29 accommodating a capillary oil -absorber 
body 30 is mounted centrally on the lower side of the top 
plate 25. A central tie rod 31 clamps the annular collar to 
the lower side of the top plate using a cruciform member 32 
for support. 

5 It should be noted that the one-way valves associated with 
the buoyancy units are not always necessary. For example, if 
a superabsorbent material is used instead of capillary ab- 
sorbents, the one-way valves can be omitted. 

) When the collecting apparatus is placed in a body of water, 
such as in open water or in a confined area, like a pool or 
an area delimited by floating booms, the collection vessel 11 
will be rapidly filled with water, and the entire apparatus 
will take an elevation relative to the water such that the 

; water will be slightly lower than the top plate 25. The 
absorber bodies 23 will also be more or less completely 
filled with water which dispels the air in them through the 
valves 28. 

During operation of the pump 19 to discharge water from the 
interior of the collection vessel 11 downwardly into the 
surrounding body of water, a water sink will develop and be 
maintained in the collection compartment A. Because of the 
difference in water levels between the collection compartment 
A and the water surrounding the collection vessel 11, the 
upper wall part 12 with its skimming or overflow crest K will 
take an overflow position with respect to the water surface. 
Accordingly, the water sink maintained in the collection 
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compartment A will be continuously refilled with water and 
oil . 

The upper wall part 12 is self-adjusting or self -positioning 
with respect to the surrounding water surface in dependence 
on the amount of water being pumped out relative to the 
amount of water flowing in. In other words, the upper wall 
part 12 operates to move up and down to maintain a balance 
between the outflow and the inflow. 

The inflow of water and oil across the overflow crest K of 
the skimming weir under the action of the pump 19 causes a 
waterfall or cascade along che overflow crest K. The in- 
flowing mixture of water and oil will therefore proceed 
downwardly within the collection compartment A as a generally 
cylindrical curtain-like stream of liquid past the horizontal 
lower end of the lower wall part 13. 

This stream will only slowly lose its momentum and accord- 
ingly will fairly easily go into and through the zone C where 
it will be deflected to some degree inwardly and upwardly 
back to the surface in the collection compartment and to a 
much greater extent radially outwardly toward the outer wall 
15. This flow pattern is indicated by arrows in Fig. i (see 
also Fig. 7) . 

The portion of the water-oil stream which is deflected 
radially outwardly around the lower edge of the lower wall 
part 13 will be distributed over a very large cross -sectional 
flow area as it passes through the region of the zone C which 
is beneath that wall part . Accordingly, the flow velocity 
will be drastically reduced as soon as the stream is deflec- 
ted laterally to pass through that region, and the velocity 
will be further reduced as the stream proceeds outwardly. The 
flow velocity will therefore be sufficently reduced to allow 
the droplets of oil to rise into the separation compartment B 
and collect at the surface of the water in that zone whereas 
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fairly clean water is withdrawn through the gap 18 adjacent 
the outer wall is. 

From the separation space B the oil may pass through openings 
16A m the horizontal, wall 16 and become absorbed in the 
absorber bodies 23. 

After some time, as determined by the electronic control unit 
19D, the pump 19 may be reversed to pump water into the col^ 
lection vessel 11. The water level in the collection 
compartment A will then rise, thereby causing the upper wall 
part 12 to engage and seal against the- top plate 25. Oil 
collected on the water surface inwardly of the wall part 12 
will then be forced into the absorber body 30, and at the 
same time oil on the water surface in the separation 
compartment B can be forced into the absorber bodies 23. 

The above-described procedure can be repeated a smaller or 
larger number of times, and finally the collecting apparatus 
can be recovered. If desired, the absorber bodies 23 and 30 
may be emptied of their oil, such as for sampling and/or 
recycling or destruction. 

As mentioned above, a portion of the water-oil stream flowing 
25 downwardly from the overflow crest K along the interior side 
of the upper wall part 12 is deflected inwardly and upwardly 
at the bottom zone C. This deflected portion will also carry 
with It some oil, which will collect on the surface in the 
collection compartment A and either build up a layer there or 
30 be more or less immediately recycled to and entrained in the 
oxl -water stream flowing downwardly from the overflow crest. 

Oil spills on water surfaces sometimes are in the form of 
extremely thin and light oil films, so-called sheen. Such oil 
spills are extremely difficult to recover with prior art 
apparatus, because oil in very thin layers is very reluctant 
to be drawn into the skimming vessel. However, the apparatus 
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according to the present invention has been found to be cap- 
able of recovering sheen quite efficiently. 

Collection of sheen on the water around the skimming vessel 
to be efficient requires a certain minimum height, at least a 
few centimetres, of the waterfall or cascade at the entrance 
to the skimming vessel. Otherwise, because the friction bet- 
ween the Water and the oil is almost non-existent, the flow 
velocity, of the water flowing across the skimming weir will 
be insufficient to pull the extremely thin film of oil across 
the skimming weir into the collecting vessel. 

Because of its thinness, the sheen entering the water sink in 
the collecting vessel is also very reluctant to be drawn di- 
rectly downwardly in the water. Instead, it will tend to stay 
on the water surface. However, the omnidirectional inflow 
into the water sink inside the skimming weir, will cause the 
sheen to be pushed together an form a gradually thickening 
layer, and after some time the oil will form droplets which 
are entrained and carried downwardly by the stream of water 
proceeding downwardly adjacent the skimming weir. 

In the embodiment of Pigs. 3 and 4, which will be described 
only insofar as it differs from the embodiment of Pigs. 1 and 

25 2, the upper wall part 12 is provided with a separate, cen- 
trally positioned buoyancy body 12C. Moreover, at least one 
of the three buoyancy units 22, preferably all of them, is 
arranged such that the oil can be discharged upwardly from 
the buoyancy unit through a tubular connector 22B which is 

30 provided on the top plate 2 5 and to which a hose or other 

suitable auxiliary member can be attached. In this embodiment 
there is no absorber body corresponding to the central absor- 
ber body 30 in the embodiments of Figs. 1, 2. In order that 
air, but not oil or water, may be expelled through the one- 

35 way valve 28, a further one-way valve 33 having a ball-shaped 
valve body is provided below the valve 28. 
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The embodiment of Figs. 5 to 8 is the same as the embodiment 
of Figs. 3 and 4 in respect of the upper wall part and its 
buoyancy body 12C. In this embodiment, however, the buoyancy 
units 22 are not used for collecting oil, but only as 
buoyancy bodies or pontoons combined with a kind of ballast 
members in which the ballast is water. The collected oil is 
disposed of in a manner to be described. 

The buoyancy units 22 in this case do not accommodate an 
absorber body but only the buoyancy body 24. Beneath the lat- 
ter IS a space 22C which communicates through a vertical tube 
22D with the passage between the bottom wall 14 and the 
circular plate 17, so that pure water may rise into and fill 
the space 22C. Apart from the tube 22D and the one-way valve 
28. the space 22C is sealed so that water that has ^isen into 
the space cannot readily escape downwardly through the tube 
22D, 

In this case the oil is withdrawn through a separate con- 
nector 34 on. the horizontal wall 16. A wide hose S (Figs 7 
8) of a flexible material is attached to the connector. This 
hose by itself forms a sack or recipient container which 
floats on the body of water and is connected to a separate 
storage container. Optionally, a buoyancy body 35 in the 
shape of a horizontal cylinder may be attached to the 
collecting vessel to keep a section of the hose S elevated 
above the water surface and the upper end. of the connector 
34, whereby that hose section will always be slightly higher 
than other parts of the hose S. 



30 



When a sufficient amount of oil has been collected in the 
separation compartment B, the pump 19 is reversed to pump 
water into the collecting vessel ii and thereby force the oil 
through the connector and past the elevated section of the 
35 hose S. The elevated hose section prevents oil from flowing 
back into the collection compartment A. 
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Figs. 7, 8 diagrammatical ly illustrate the procedure whereby 
the collection is carried out. More particularly. Pig. 7 
shows a stage in which the intake of water into the collec- 
tion compartment A goes on and a certain amount of oil has 
5 already been collected in the separation compartment B, while 
Fag. 8 shows the stage in which the pump has been reversed 
and oil is being forced out through the connector and the 
hose S . 

10 While Pigs. 1 to 8 show apparatus intended to float in the 
body of water in which they operate. Pig. 9 shows an embodi- 
ment of the apparatus which is intended to be stationary and 
erected on a firm support of some suitable kind. For example 
It may be positioned in a ha[rbour basin or some other site 
where there is a constant demand for having a collecting 
apparatus available so that oil spills or other pollutants 
can be collected immediately. 
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in this embodiment the collecting vessel 41 is made up of 
elements of concrete or some other suitable material. The 
upper wall part 42 with the buoyancy body 42C is similar to 
the wall part 12 of Figs. 3, 4. For the discharge of the oil 
accumulated in the separation space B of the collecting 
vessel a riser tube 43 is provided which may be connected to 
a suitable recipient container into which the oil may be 
transported by means of a suitable pump (not shown) . 

The pump 44 in this case is positioned inside the collecting 
vessel instead of being positioned below it as in the 
30 previous embodiments. It is set down on the circular plate 45 
without being secured to it and is attached to a lifting 
cable 46 or some other suitable lifting member so that if 
desired it can be lifted from the collecting vessel 41 and 
just as easily put back in position again. 

The embodiment shown in Figs. 10-15 is also intended to float 
m the body of water the surface of which is to be cleaned, 
in this embodiment, however, the collecting vessel 61 and the 
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vessel 62 providing the separation zone B are spaced apart 
and interconnected by an underwater conduit 63 through which 
the mixture of water and pollutants received by the collec- 
ting vessel is conveyed to the separation vessel S2 and the 
separation zone therein. 

AS in the foregoing embodiments the collecting vessel 61 
includes an annular upper wall part 64 and an annular lower 
wall part 65 concentric with the upper wall part. The upper 
wall part .64 is a bellows the lower end of which is attached 
to the upper end of the lower wall part 65 and the upper end 
Of Which constitutes the crest K of a skimming weir formed by 
tne bellows. ^ 

The bellows is made of polyurethane, for example, and at its 
upper end it is provided with an annular buoyancy body 64A of 
a low-density material . Accordingly, the upper wall part 64 
possesses, in addition to a vertical flexibility, a certain 
buoyancy so that in operation it takes an overflow position 
with respect to the water surface surrounding the apparatus 
such that the inflow into the intake provided by skimming 
collection vessel 61 balances the outflow through the bottom 
portion of the collection vessel and the conduit 63, which 
may be rigid or flexible. 

The separation vessel 62 is open both at the top and the 
bottom so that the interior of the collection vessel 61 is in 
constant open communication with the body of water in which 
the apparatus operates and so that the surface of the liquid 
in the separation vessel is readily accessible for removal of 
the pollutant layer collected in the separation vessel 62 . 

A buoyant body 66 is attached to and extends about the upper 
end of the separation vessel 62 such that in operation of the 
apparatus the upper end of the separation vessel is kept well 
above the surface of the surrounding water. A pair of cabi- 
nets 67 on the upper side of the buoyant body 66 houses 
control equipment and a blower (not shown) used to supply air 
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to an air-lift pump 68 in the separation vessel as will be 
described below. 

A vertical tube BS is positioned centrally in the separation 
vessel 62 and held stationary therein by attach^nt Lans not 
Bho>^. The lower end of this tube is in constant open coj^ 
nxoation w.th the conduit 63 through two o£ the branches of a 
T-connector 70. The third T- connector branch is directed 
downwardly and provided with a check valve, such as a trap- 
door ,1 Which is normally closed, e.g. under the influence 
of Its buoyancy and/or a pressure differential, but can be 
opened under the weight of a heavy object, such as a piece of 
rock, entering the T-oonnector through the conduit 63 . 

The upper end 69A of the tube 69 is positioned at a such a 
level r„ the separation vessel 62 that in normal operation of 
the apparatus it Is below the level of liquid in the separa- 
tion vessel. i^ci.«-a 

An cuter tube 72 is concentric with the tube 69 and surrounds 
xt to defxne an annular zone 73 around the tube 69. The upper 
end.72A of the outer tube 72 is at a level that in normal 
operation of the apparatus is well above the level of liquid 
xn the separation vessel 62. The lower end 72B is situated in 
the lower portion of the collection vessel; the exact 
location is not particularly critical. 

An air nozzle ring 74 forming part of the above-mentioned 
axr-lxft pump is mounted in the inner tube 69 at a suitable 
distance, e.g. 30-40 cm, below the upper end 69. A conduit 75 
connects the nozzle ring 74 with a blower (not shown) in one 
of the cabinets 67 to feed air through a ring of openings in 
the nozzle ring into the water inside the tube 69. The rising 
air bubbles produce an upward flow of liquid from the collec- 
tion vessel 61 into and through the tube 69. 

The air supply to the nozzle ring 74 is adjusted such that 
the liquid flowing upwardly in the inner tube 69 and out of 
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xts upper end 69A is unable to reach the upper end 72A of the 
outer tube 72. Accordingly, the liquid will be deflected to 
flow downwardly through the annular zone 73 between the inner 
and outer tubes 69 and 72. 

5 

The cross-sectional area of the annular zone 73 is so chosen 
th rlTT! '° cross-sectional area of the inner tube 69 

that the flow velocity in the annular zone 73 will be 
substantially smaller than the flow velocity in the inner 
) tube 69 but still large enough to carry the liquid to the 
lower end of the annular zone. 

rnien exiting from the annular zone 73, the liquid, i^e. the 
mixture of water and pollutants, will be deflected by a 
deflector plate 76 secured to the inner tube 69 so that it 
wxll be directed generally horizontally into the separation 
zone B surrounding the outer tube 72. The horizontal cross- 
sectional area of the separation zone B is very large in 
relation to that of the annular transfer zone 73, and as the 
liquxd flowing in the annular zone will have a low momentum 
when xt exits from that zone, the pollutants will separate 
rapidly from the water in the separation compartment B and 
collect on the surface while the pollutant -free water will be 
discharged downwardly. 

From the foregoing description it is seen that the liquid 
flowing from the intake device 61 to the separation vessel 62 
xs introduced in the separation vessel as an upwardly di- 
rected stream, then deflected to flow downwardly through a 
wider^passage 73 and then deflected again, this time lateral- 
ly and outwardly, and distributed over a very large cross- 
section. In this way, the velocity of the flowing liquid is 
successively and very substantially reduced along the flow 
path from the point of entry into the separation vessel and 
the separation zone. 

AS will be appreciated, a separation vessel according to the 
embodiment of the invention shown in Pigs. 10-15 can also be 
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used with intake devices other than self -regulating inmeraed 
intake devices of the kind represented by the collection 
vessel 61 in Pig. 10. However, this separation vessel is par- 
ticularly suitable for use with such- a self -regulating intake 
5 device, because the inflow into the separation vessel can 
then be matched with the capacity of the separation system to 
handle the mixture to be separated. 

Although the illustrated and described air-lift pump 69 is 
10 preferred because of its simplicity and the virtually unob- 
structed flow path, the flow of liquid from the intake or 
collection vessel 61 to the separation vessel 62 can be pro- 
duced by other types of pumps and punps positioned at various 
suitable places. For example, a pump may be positioned at the 
15 bottom of the collection vessel substantially as shown in 
Figs. 1-9. Another possibility is to provide the separation 
vessel 62 with a bottom wall having an opening in which a 
pump xs positioned to pump water out of the bottom region of 
the separation vessel and thereby maintain a difference in 
20 the liquid levels in the collection and separation vessels 
Moreover, the pump may be installed in the conduit 63 inter- 
connecting the intake device and the separation vessel. 

AS will be readily appreciated, the collection vessel or 
15 other intake device 61 and the separation vessel 62 need not 
be positioned and operate in the same body of water. For 
example, the separation vessel 62 may be positioned in a 
separate tank which communicates through a suitable conduit 
with the body of water from which the intake device 61 col- 
0 lects the water carrying the pollutant to be separated so 

that the level of liquid in the tank is the same as the level 
of liquxd in the last -mentioned body of water. 
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Claimg 



1. A method for recovering a buoyant pollutant carried by a 
body of water, including the steps of 

providing a skimming vessel (11,61) in the body of wa- 
ter, 

forming a water sink in the skimming vessel (ii 61) 
causing water carrying the pollutant to flow from the 
surface region of the body of liquid across a skimming 
weir (K) into the water sink, 

withdrawing water from the skimming vessel (ll 61) to 
maintain the water sink and cause the flow of water and 
pollutant entering the skimming vessel to proceed down- 
wardly in the skimming vessel, and 

continuously diverting the downward flow of water and 
pollutant to a separation zone (B) for collecting the 
pollutant on the surface of the water therein, 
characterised by 
deflecting the downward flow of water and pollutant laterally 
away from the region (A) beneath the water sink to a separa- 
tion zone (B) horizontally offset from said region beneath 
the water sink. 

2 A method according to claim 1 in which the downward flow 
of water and pollutant is diverted to an annular separation 
zone (B) surrounding the region (A) beneath the water sink. 

3. A method according to claim 2 in which the downward flow 
of water and pollutant is diverted omnidirectionally from 
saxd region (A) beneath the water sink to the separation zone 
(B) - 

4. A method according to claim i in which the downward flow 
of water and pollutant is diverted through a conduit (63) to 
a separation zone (B) provided in a separation vessel (62) 
spaced apart from the skimming vessel (61) . 
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5. A method according to claim l or 4 in which th, diverted 
flow of water and pollutant is introduced in the separation 

iTc:iiTr/ ^"""^^ — 

5 

6- A method according to claim 5 in which the upwardly di- 
rected flow Of water and pollutant exiting from the outlet 
conduxt (-69) is diverted downwardly through an annular zone 

10 it --^-t (69) and communicates 

10 at the lower end thereof with the separation zone (B) . 

7 A method according to at least one of claims 4 to 6 in 
whxch the separation vessel (62) is positioned in said body 
of water and is in open communication with it through a 
15 bottom opening. 
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A method according to at least one of claims 1 to 7 in 
whxch an air-lift pump (68) is used to withdraw water from 
tne SKxmming vessel (li) . 



25 



9. Apparatus for separating water and a buoyant pollutant 
carrxed by the water, including 

- an intake device (12, 61) immersible in a body of water 
and defining an intake compartment (A) for receiving a flow 
of water and a buoyant pollutant entrained by the water 

- a pump device (19,68) for discharging water from the in- 
take device (12,61) to maintain a water sink therein and 
cause the flow of water and entrained pollutant entering the 

30 ^lu"^^ ''""'"^ downwardly in the intake compartment 

a separation compartment (B) communicating with the in- 
take compartment (A) , and 

means (18,19; 69,72) for diverting the downward flow of 
35 (B) entrained pollutant into the separation compartment 

characterised in that 
the separation compartment (B) is horizontally offset from 
the intake conpartment (A) . 
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10. 



Apparatus according to claim 9 in which the separation 
compartment (b) surrounds the intake compartment (A) . 
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Apparatus according to claim 9 or 10, including 
- an annular vertical inner wall (12,13) defining the in- 
take compartment (A) and an annular vertical outer wall (is) 
defxnxng together with the annular vertical inner wall (12 
13) the separation compartment , . an extension of the annular 
outer wall (is) defining a compartment (C) underlying the 
intake compartment (A) and. the separation compartment (B) and 
providxng communication between them, and 

an annular outlet passage (18) located adjacent the 
lower portion of the extension of the annular vertical outer 
wall (IS) and communicating with the pump device (19) . 

12 . Apparatus according to claim 9 in which the separation 
compartment (B) is spaced apart from the intake device (61) 
and connected with the intake compartment (A) through a ver- 
tically extending outlet conduit (69) having an overflow out- 
let opening (S9A) communicating with the separation compart- 
ment (B) , 



13 



25 



Apparatus according to claim 12 including a flow diver- 
ting device (72) for diverting the upwardly exiting over- 
flowing water and entrained pollutant from the outlet conduit 
(69) downwardly into an annular vertical passage (73) which 
surrounds the outlet conduit (69) and the lower end of which 
opens into the separation compartment (B) . 

30 14. Apparatus according to claim 12 or 13 in which the over- 
flow opening (69A) of the outlet conduit (69) is situated at 
a level which is lower than an operating level of liquid in 
the separation compartment (B) . 

35 15. Apparatus according to at least one of claims 9 to 14 in 
which the pump device (68) is an air-lift pump. 
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16. Apparatus for separating water and a buoyant pollutant 
carried by the water, including 

an intake device (61) for receiving a flow water and 
buoyant pollutant entrained in the water, 

a separation vessel (62) defining a separation zone (B) 



and 



transfer means (63,68) for forwarding said flow of water 
and entrained pollutant to the separation zone, 
characterised in that 

the transfer means (63,68) includes an upwardly directed 
outlet conduit (69) having an overflow opening (69A) communi- 
cating with the separation zone (B) and situated at a level 
which is lower than an operating level of liquid in the sepa- 
ration zone (B) . 

17. Apparatus according to claim 16 including a flow diver- 
ting device (72) for diverting the upwardly exiting over- 
flowing water and entrained pollutant from the outlet conduit 
(69) downwardly into an annular vertical passage (73) which 
surrounds the outlet conduit (69) and the lower end of which 
opens into the separation zone (B) . 
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Fig.6. 



wo 99/22078 



6/8 




wo 99/22078 PCT/SE98/01955 

7/8 




liL 



I 

wo 99/22078 ' 



PCT/SE98/019S5 



8/8 





INTERNATIONAL SKARCTI REPORT 


International application No. 

PCT/SE 98/01955 


A. CLASSIFICATION OF SUBJfiCI MA 1 I KR 


IPCS: E02B 15/10 

According to Inlcrnalional Patent Classification (IPC) or to both national classification and IPC 


B. FIFLDSSFARCMED 


Minimum documenisiUon searched (classification system folltjwed by classification symbols) 
TPCfi- F02B 


Documentation searched other than minimum documentation lo the extent that such documents are included in the fields searched 

SE,DK,FI,NO classes as above 


Electronic data base consulted during the international search (name of data base and, where practicable, search terms used) 


C. I^OGL 


mnN'VS CONSIDHRnD TO BE RF'iJ'VANT 


Category * 


Citation ofdociinicnt, with indication, where appropriate, of the relevant passages 


Relevant to claim No. 


A 
A 
A 
A 


SE 418629 B (SANERA PROJECTING AB), 15 June 1981 
(15.06.81) 

WO 9417250 Al (STEINER, W.G.). 4 August 1994 
(04.08.94) 

WO 9707292 Al (HUMANTEKNIK AB), 27 February 1997 
(27.02,97) 

DE 2030209 A (RHEINWERFT GMBH & CO.), 
23 December 1971 (23.12.71) 


1-17 

1 

1-17 
1-17 
1-17 


1 X| furrier docurnciiLs arc listed in Uic cotitiriuatiori of Box C. |~x] See patent family annex 




* .Spca»lo,log.iries or cited <tocum«nUB later document puhltftcd alter the international filing date or priority 
A" dcicumcnt defining the general iCIate of the art which is not ccnuidcred *" eonl'ct with the application but dted to tmdersland 
to be of particular relevance the principle or theory underlying the invailion 

-li- crlicr document hul published cm or after ihc international llling date "X" document of particular relevance: the datmed invention cannot be 
"1/ document which may throw douhu on pri<irity cUim(s) or which is considered novel or cannot be considered to involve an inventive 

cited to cstah1i5;h the puhticatton date of* another citaUon or other ^tn the document is taken alone 

.<cpecial reason (a's specified) -v- ^ , • 
"f^" 1 • i . J. . ■ **"cument of particular relevance: the claimed invention cannot he 

0 document rclcmng to an oral discl(»sure, use. cxhihilion or other considered to involve an inventive^ \vhen the dow^ 

-n- T^**""* . . - combined with one or more other mch documcntt, such combination 

1 document puhlishcd prior to the international filing dale hut later than hang obvioas lo a person skilled in the art 
the priority dale claimed . 

& document member of Ihe same patent family 


Dale of the actual completion of the irttcrnalional scnrcft 
27 January 1999 


Dale of mailing of the international search report 

0 3 -02- 1999 


Name and matling address of the ISA/ 
Swedish Patent Office 
Box 5055, S-102 42 STOCKHOLM 
Facsimile No. + 46 8 666 02 80 
Form PCT/ISA/210 (second sheets Mulv \ 


Authorized officer 

Ake Olofsson 

1 clephone No. + 46 8 782 25 00 



INTERNATIONAL SEARCH REPORT 



International application No. 

PCT/SE 98/01955 



C (Continuation). DOCUMFN TS CONSinnR!' D TO Bf* RELEVANT 



Category* 



atalion of document, with indicaUon, where appropriate, of ihe relevant 



passages 



Relevant to claim No. 



P.A 



US 3853768 A (L. BAGNULO), 10 December 1974 
(10.12.74) 



SE 507548 C2 (ECTACOR AB). 22 June 1998 (22.06.98) 



1-17 



1-17 



Form PCr/ISA/JIO (continuation of siecand sheet) (July 1992) 



1 

IN TERNATIONAL S1:ARC:H RKPOR T 

InCurrnalion on patent fariiily inL-inbcrs 



21/12/98 



International application No. 

PCT/SE 98/01955 



Patent document 
cited in search report 



Publication 
date 



Patent family 
niember(s) 



Publication 
date 



SE 



418629 B 



15/06/81 



DK 384180 A 

EP 0025779 A.B 

SE 7907544 A 

US 4356086 A 



12/03/81 
25/03/81 
12/03/81 
26/10/82 



1 1^ 

wo 


9417250 


Al 


04/08/94 


AT 


141662 T 


15/09/96 










AU 


669774 8 


20/06/96 










All 

AU 


5879094 A 


15/08/94 










BR 


9406580 A 


02/01/96 










CA 


2154565 A 


04/08/94 










CN 


1116863 A 


14/02/96 










DE 


4336963 A 


28/07/94 










DE 


59400525 D 


00/00/00 










OK 


681629 T 


24/02/97 










EP 


0681629 A,B 


15/11/95 










SE 


0681629 T3 












ES 


2094641 T 


16/01/97 










GR 


3021772 T 


28/02/97 










JP 


8505672 T 


18/06/96 










NO 


952877 A 


30/08/95 










PL 


172944 B 


31/12/97 










PL 


310046 A 


13/11/95 










US 


5713697 A 


03/02/98 


wo 


9707292 


Al 


27/02/97 


AU 


6760296 A 


12/03/97 










CA 


2229372 A 


27/02/97 










CN 


1193365 A 


16/09/98 










EP 


0845065 A 


03/06/98 










NO 


980609 A 


03/04/98 










PL 


324879 A 


22/06/98 










SE 


9502826 A 


15/02/97 










SE 


505131 C 


30/06/97 










SE 


9503520 A 


11/04/97 










SE 


9503612 D 


00/00/00 


DE 


2030209 


A 


23/12/71 


AT 


298359 A.B 


15/03/72 










BR 


7024112 D 


00/00/00 










CA 


992004 A 


29/06/76 










FR 


2095498 A 


11/02/72 










GB 


1343648 A 


16/01/74 










US 


3741391 A 


26/06/73 


US 


3853768 


A 


10/12/74 


AU 


5119373 A 


18/07/74 










BE 


793184 A 


16/04/73 










CA 


1009586 A 


03/05/77 










OE 


2264011 A,C 


02/08/73 










FR 


2168756 A 


31/08/73 










GB 


1379148 A 


02/01/75 










JP 


1050775 C 


26/06/81 










JP 


48082454 A 


05/11/73 










JP 


55043835 B 


08/11/80 










NL 


7216219 A 


23/07/73 










ZA 


7208471 A 


29/08/73 



orm PCrr/ISA/2J0 (patent family annex) (July 1992) 




iN'n:RNATi()NAL searc:h repor r 

Iftrorfnatiori on patent family members 



21/12/98 



l^alent dncumcnt 
filed in search repori 



Publication 
dale 



International application No. 
PCT/SE 98/01955 



Patent family 
member(s) 



Publication 
date 



SE 507548 C2 



22/06/98 



AU 
SE 
WO 



4732497 A 
9603777 A 
9816690 A 



11/05/98 
15/04/98 
23/04/98 



